In the past few years several countries have conducted national population-based HIV surveys. Survey methods, levels of participation bias from absence or refusal and lessons learned conducting such surveys are compared in four national population surveys: Mali, Kenya, Peru and Zambia. In Mali, Zambia, and Kenya, HIV testing of adult women and men was included in the national-level demographic and health surveys carried out regularly in these countries, whereas in Peru the national HIV survey targeted young people in 24 cities with populations over 50 000.
Introduction
Since the development of an antibody test for HIV in 1984, most countries have put in place surveillance systems to monitor HIV prevalence levels and trends based in antenatal clinics (ANC). The quality of these HIV surveillance systems has varied over the years [1] , making it difficult to obtain consistent and accurate estimates of HIV prevalence. Although HIV surveillance systems were set up primarily to monitor trends among population groups, the data collected by these systems have been used to estimate the burden of HIV in those countries [2] . Improved estimates have recently been made possible through the use of national population surveys to validate and calibrate these surveillance estimates, supported with the increased resources available within the new international initiatives to address HIV/AIDS [3] .
In Africa, several community HIV prevalence studies have shown that HIV prevalence in the general adult population 15-49 years old is similar to that of women attending ANC in the same communities [4] . Some scientists have, however, highlighted the limitations of using sentinel surveillance in ANC for deriving national estimates. First, the populations tested do not represent the entire population at risk (e.g. ANC data excludes men and non-pregnant women). Second, pregnancy rates are affected both by HIV infection and the level of use of contraception (as well as sexual activity; age at first sex will determine teenage pregnancy rates). Third, pregnant women may not attend ANC and rates of attendance may change over time. Fourth, the sites selected for surveillance may not be representative because they were often chosen initially in urban or semi-urban locations and by convenience, whereas in Africa the majority of the population is rural, and the misclassification of women as rural or urban residents is frequent [5] [6] [7] [8] .
Some of these limitations in deriving national HIV estimates from ANC surveillance data can be overcome by adjusting some factors [9] , but recent papers comparing ANC surveillance results and populationbased surveys have questioned the limitations of extrapolating HIV national estimates from HIV sentinel surveillance [10] [11] [12] [13] . National AIDS programmes have thus been under increased pressure by decision-makers to implement nationally representative HIV surveys as they are considered to provide better HIV estimates for the general population.
Rwanda and Uganda conducted national HIV population-based surveys in the mid-1980s. However, the researchers involved in these pioneering studies themselves questioned some of the aspects of the study design, particularly the testing of only one individual per household, and instead recommended that future studies test all eligible members of sampled households [14, 15] . With the availability of more resources and new laboratory methods for HIV testing (using dried blood spots or saliva), 15 countries have conducted, and at least 10 are either planning or are in the midst of implementing, national HIV population-based surveys (Table 1 ). In some cases there have been special surveys to estimate HIV prevalence, whereas in other cases HIV testing has been added to demographic and health surveys (DHS). The results of these surveys allow a better understanding of HIV epidemiology by providing greater information on the behavioral risk factors and the demographic and geographical patterns of HIV infection within a country, and in this way they serve to calibrate ANC surveillance results [16] . They are, however, more costly than sentinel surveillance and are therefore impractical for tracking intermediate term trends as they are conducted approximately every 5 years. This paper reviews the methods and conduct of HIV population-based surveys carried out in some countries in Africa and Latin America in order to describe issues that influence participation and the representativeness of this type of survey. It was initiated through an international meeting on 'New strategies for HIV/AIDS Surveillance in Resource-constrained Countries' held in Addis Ababa on 26-30 January 2004 [17] . The detailed results of these surveys are reported elsewhere [18] [19] [20] . It is intended that the lessons learned in undertaking these surveys may help other countries planning national HIV population surveys in order to improve the quality of the resulting information.
Sampling methods and participation bias
The interpretation of results and the accuracy of prevalence estimates depend in large measure on the participation biases within the surveys. Three questions are important in assessing these biases: who did the survey miss?; how much In addition to these issues that affect the selection of the survey sample, there are many reasons why, once the sample is chosen, an eligible individual may not be interviewed or tested. From the perspective of the household, the interviewer may not be able to find the dwelling where a household was listed, the dwelling may have been vacated or destroyed between the time of the listing and the survey, there may be no competent individual at home or the entire household may be absent when the interviewer visits. In turn, household members who are eligible may be absent or otherwise unable to take part. Individuals who are asked to participate may also refuse, either to be interviewed or to be tested or both. These issues of absence and refusal to be tested will be addressed below in the country-specific experience.
Moreover, in households of single individuals it may be more difficult to find the occupants because they are absent for work or other reasons. Often these people are at greater risk of HIV.
Analysis of the participation bias is necessary to answer the second question: how much does it matter that they were missed? For those who are absent for an individual interview, some limited information may be available about the household and their sociodemographic characteristics. For those who consent to an interview but refuse to provide a specimen for testing, surveys that link the behavioral information with the biological results are able to assess the individual behavior associated with the risk of HIV and compare it with those who have accepted the test.
We reviewed the methods, the levels of participation and the lessons learned in the implementation and analysis of surveys in Mali, Zambia, Kenya and Peru. In the three African countries, the HIV testing was carried out in DHS. In Zambia, the HIV results were only linked to basic demographic characteristics, whereas in Kenya, the HIV results, although anonymous, were collected and linked to the full range of respondent data. In Peru, the survey was conducted only in mid-size cities as part of an intervention to prevent sexually transmitted diseases (STD) in young people. Biomarkers for HIV and other STD were linked to personal characteristics and to all data available. National and international ethical committees reviewed and approved the HIV testing protocols for the surveys carried out in the four countries.
Mali demographic and health survey 2001: informed consent and participation
The Mali DHS 2001 was the first to include HIV testing as part of a DHS. As knowledge of HIV was low in Mali, at the start of the survey there was concern about whether informed consent was possible and whether it was feasible to include a biomarker without interfering with the survey process [19] . In this survey, haemoglobin was checked on the spot and a dried blood spot was collected on filter paper for later HIV testing. The level of knowledge of HIV was low among the population, and there was concern that participants would have difficulty providing informed consent for testing of two diseases (anaemia and HIV) that were poorly known or understood. In the survey, however, 85.2% of eligible women and 75.6% of eligible men were found, gave consent, and were tested for HIV using dried blood spots. A voucher was given to participants to obtain free voluntary counseling and testing (VCT) at a nearby centre.
The concurrent Mali Informed Consent Study evaluated the process of obtaining consent and the impact on participation through observation of the informed consent procedures. A total of 192 participants were interviewed in 10 selected clusters [20] . Over 90% understood that they were being asked for a blood test for anaemia and AIDS, and there was direct evidence that over two-thirds knew participation was voluntary. Whereas 30% said they knew nothing about AIDS, two-thirds had heard about ways of transmission. Men were more likely to refuse the test and to ask questions after the informed consent statement. There were weaknesses in the process of presenting the informed consent statement, partly because of the contrast between the language of the formal statement and local linguistic norms. Most of the field editor/health workers simplified and adapted the language in presenting the informed consent statement: 69% explained without reading; 13% read with explanations; 6% only read the statement; and another 13% did not present the statement.
Lessons on the consent process
Although there were inconsistencies in the way information was presented in order to obtain informed consent before collecting the specimens, the first lesson from this survey is that people are willing to give consent for testing, even in countries with a low prevalence of HIV and where there is not much knowledge about HIV infection. Second, the informed consent statement needs to be clear, concise and precise. Moreover, it needs to use appropriate language to the local culture. Understanding the informed consent would probably increase participation rates.
Zambia: a survey in a high prevalence setting
The Zambia DHS was conducted in 2001-2002. The survey involved a nationally representative sample of 8050 households from 320 clusters (100 urban and 220 rural).
In a subsample of one-third of the households, all female respondents aged 15-49 years and male respondents aged 15-59 years were asked to consent to participate in the syphilis and HIV testing components of the survey [21] . Consent for testing was obtained separately for syphilis testing and for HIV testing. Venipuncture was performed to obtain blood for syphilis testing, and for those who also consented to HIV testing dried blood spot samples were prepared.
The survey response rates were high, with values over 95% for the household and female interviews and nearly 90% for the male interviews. Coverage rates for blood testing were significantly lower, especially for men: 79% of 2689 eligible women consented to the HIV testing compared with 73% among the 2418 eligible men (Table 2) . Coverage rates for syphilis were nearly identical to those of HIV. Women were slightly more likely to refuse HIV testing (16 versus 15% for men), but were significantly less likely to be absent at the time of consent for blood testing (3 versus 8% for men). Regional differences were significant for refusal, ranging from 9% in Northwestern Province to 28% in Eastern Province. Absence rates had both a regional and sex participation bias, ranging from 0.5% for both women and men in Luapula Province, to significant differences in Copperbelt (4% for women and 15% for men), Western (3% for women and 13% for men) and Lusaka (3% for women and 11% for men). Overall, HIV prevalence in Zambia was 15.6%, with 17.8% of women and 12.9% of men infected for a female to male ratio of 1.5. The urban-rural prevalence ratio was almost 2 to 1 for both men and women, and there were significant regional variations [21] .
Lessons from the Zambia demographic and health survey Peru national urban youth survey: high participation and linking sexual contacts
As part of a baseline assessment for a community randomized intervention trial, data on STD prevalence and risk behaviors and the structure of sexual networks S12 were collected through a general population survey. Twenty-four (80%) of the 30 Peruvian cities with populations greater than 50 000 inhabitants were selected for the survey. The target in each city was a random twostage cluster household sample of 250 men and 250 women and a consecutive sample of 50 male sexual partners and 50 female sexual partners. A census in the selected clusters was carried out to identify households with eligible members, selecting a random sample of households with at least one eligible member, and within the selected households, selecting the eligible member with the most recent birthday. Inclusion criteria for participants in the random sample included men and women from the ages of 18 to 29 years old, resident of the selected city for at least 6 months before the survey. A consecutive sample of adult (aged 18 years or older) sexual partners living in the same household as the participants in the random sample was included in the survey. Consenting participants completed a face-to-face demographic questionnaire and a self-administered sexual behavior questionnaire [17] . Participants were asked to provide venous blood or, if unwilling, oral fluid. Men were also asked to provide urine, and women were asked to provide self-administered vaginal swabs or, if unwilling, urine.
Of 16 867 individuals selected for participation, 15 259 (90.5%) agreed to participate in the testing. In addition, 2347 of 2663 sex partners selected (88.1%) agreed to participate (Table 2 ). Almost 77% of participants were tested, self-administered questionnaires were returned by all but 176 of the participants (1.2%) ( Table 3) . Eightyfour per cent provided blood or oral fluid, 87% of men provided urine, and 84% of women provided a vaginal swab or urine [17] .
The baseline survey documented a number of risky sexual behaviors among sexually active Peruvians, including a high frequency of sex with female sex workers (FSW), a low frequency of condom use with casual partners and FSW, and a high percentage of men having unprotected sex with men. Overall, HIV is more frequent in men (0.4%) than in women (0.1%). The most important risk factor for HIV infection for men was sex with other men, and for women, sex in exchange for money [17] .
Lessons learned from the Peru urban youth survey
Several factors contributed to the high participation rates in this national urban youth survey. First, the selfadministered sexual questionnaires contributed to confidence in the confidentiality of results. Second, there was good collaboration and coordination of many institutions, including the participation of local resident health professionals as interviewers and sample collectors. Third, an oral fluid method of HIV sample collection was offered should there be refusal of a blood test for HIV, and urine tests were used as an alternative for STD testing.
Kenya demographic and health survey 2003: learning in the field and anonymous linked results
The 2003 DHS in Kenya was the first to include a comprehensive HIV/AIDS module and HIV testing [18] . The survey sampled 9865 households in 400 clusters (129 urban and 271 rural). In half of the households, all men aged 15-54 years and all women aged 15-49 years were interviewed and asked voluntarily to provide capillary blood from a finger stick, collected on filter paper and dried in the field. VCT was organized through mobile teams serving all clusters outside of Nairobi (there are 29 VCT sites). Survey respondents and other members of the community who wanted to be tested were referred either to existing VCT centres or to mobile centres.
The Kenya DHS household response rate was 96%. Although the survey interview response rate was also comparatively high, above 90% for women and 85% for men (Table 2) , the proportion of eligible respondents tested was 76% of women and 70% of men (Table 3) . There was also a large difference in the testing coverage between respondents in urban and rural areas, with lower testing rates among urban dwellers, especially men, less than 60% of urban men tested (Table 4) . Men were more likely to be absent at the time of the survey; 15% of men compared with 9% of women were neither interviewed nor tested, whereas 5% of eligible men and women were present for the interview but absent for the testing. Refusal rates were 14% for women and 13% for men, with greater numbers of refusals in urban areas [18] . The overall HIV prevalence was 6.7%, with significantly greater prevalence among women (8.8%) compared with men (4.5%). HIV prevalence was also significantly greater in urban areas [18] .
Validity of national population-based HIV surveys García Calleja et al. S13 In the first month of the survey, the rate of testing was low (64%) [22] . Response rates improved in the second month, after initiating national media advertising, additional community mobilization, and closer monitoring of test acceptance by teams in the field. Refusal rates declined from over 20% in the first month of the survey to approximately 10% by the third month (Fig. 1 ). In addition, absence rates for both men and women also dropped by half in the same time period.
Strengthening VCT outreach during the survey implementation may also have a positive effect. The VCT results indicated that substantial numbers of the population were eager to know their HIV status, as a total of 10 089 individuals, including both participants and nonparticipating community members, came and requested HIV testing from mobile VCT sites [23] . Out of those individuals, 6617 were men, and 3472 were women. The prevalence in the mobile VCT sites was similar among men, 5% compared with 4.9% in male survey participants, but the women coming to VCT had a greater prevalence (13% compared with 8.8% in survey participants), suggesting a participation bias in seeking VCT for women but not for men.
In the Kenya DHS 2003, HIV test results were linked to the behavioral and demographic information without any identifiers for household, cluster, or district to protect the anonymity of the participants. This allowed the development of regression models to predict HIV status for respondents who were sexually active, utilizing 35 questionnaire variables to compare the 3272 women and 2917 men who were interviewed and tested with the 769 women and 661 men who were interviewed but not tested. The results indicated that those who were interviewed but not tested (refused or not found) had a lower HIV risk and may have had a lower HIV prevalence than those who consented and were tested. Adjustment based on this regression analysis reduced the prevalence estimate for women from 8.8 to 8.5% and for men from 4.9 to 4.8%. Even if those who were absent and were neither interviewed nor tested had a greater prevalence than those interviewed or tested, the predicted difference from the results of those tested was negligible [24] .
Lessons from the Kenya demographic and health survey
Participation significantly improved in the Kenya DHS after additional efforts were made to inform the communities about the nature of the survey, including through the media and local community leaders. In some clusters, cultural fears that blood might be used for witchcraft led to high refusal rates until there was community discussion and assent by community leaders. Second, large numbers of men and higher-risk women availed themselves of mobile VCT services that were provided in all 350 clusters outside of Nairobi. Even in communities where there was a VCT centre, some participants expressed a preference for the anonymity of outsiders providing the service. Third, it is possible to link HIV results and behavioral information without compromising identity, and this allows multivariate analysis of participation bias in the survey.
Discussion
All of the surveys described were able to provide significantly improved estimates of the burden of HIV in their respective countries. The prevalence of HIV varied in the general population in the three DHS: 16% in Zambia, 7% in Kenya; and less than 1% in Mali. Prevalence was also below 1% in urban youth in Peru. For Kenya and Zambia, there were significant differences between women and men and urban compared with rural areas.
Participation bias remains the greatest challenge to the validity of these surveys, with significant differences in absence and refusal between women and men, between urban and rural areas, and between regions within the respective countries. An analysis of these participation biases is necessary to validate and interpret the results of the surveys.
As shown in Table 2 , the household response rate ranged from 96 to 98% in the DHS, whereas the proportion of eligible participants interviewed ranged from 86 to 98%. Among those eligible for HIV testing, however, the rate of testing ranged from 73% in Kenya to almost 77% in Peru. This participation bias was approximately equal because of absence or refusal at the time of blood testing in Kenya and Zambia. In Peru, almost 10% did not complete the questionnaire and the rest refused to provide specimens. Especially noteworthy were the higher participation rates among women compared with men, much of which is because of the absence of men from the household. Participation rates were higher among men in Peru, perhaps because they were given a choice of sampling (urine, saliva or blood).
Clearly, in all four surveys, substantial proportions of the eligible populations did not participate in the testing component of the survey. The second question, do the missing persons matter? is relevant in assessing the representativeness of results of the testing from these surveys. At both the household level and the individual level in all four surveys, refusal and absence were the main reasons for the non-response. Unfortunately, there is very limited information on the relationship between absence and refusal during a seroprevalence survey and an individual's serostatus.
Missing persons matter if their HIV level is significantly higher or lower than that found among the group that was tested. A study conducted in Zambia found an effect of mobility among younger men but not among women [25] . Other studies have shown that highly mobile individuals typically have higher HIV levels than the less mobile. In a review of absences in a four-city study in Cameroon, it was found that women who had traveled more than a month have lower HIV prevalence that those who were present (8.6 versus 9.8%) [26] . On the other hand, men who have been absent for more than a month have significantly greater HIV prevalence than those who had not been away for a long period (7.6 versus 1.4%) [27] . In another analysis conducted in Kisesa (Tanzania), a cohort study found that mobility was associated with greater HIV prevalence rates, with a relative risk of 1.5 for men and 1.2 for women (B. Zaba, personal communication).
However, it is difficult to conclude and to extrapolate these conclusions to all population surveys. First, the two studies document that mobility is directly related to HIV status but they do not document: (i) that the population absent at the time of the survey is significantly more mobile than the group that was tested; or (ii) that the mobile 'absent' population differs significantly from the mobile population that was found and tested in the survey. Unlike the two studies that are geographically limited in scope, in a cross-sectional national survey, individuals away from one locality at the time of a crosssectional national survey have the opportunity to be represented in the locality to which they travelled. This acts to reduce considerably the likelihood that the missing population is significantly biased with respect to mobility. But at the same time, the population missing for the testing may still include a somewhat greater proportion of 'highly mobile' individuals than the population tested, thus a greater HIV prevalence.
Another important point is that size matters in determining whether biases among the missing group will have a significant impact on a national prevalence rate. There can be subgroups within the missing population that have higher than average HIV rates, but if those groups together do not constitute a significant proportion of the overall population, this may have little impact on the national rate. In addition, there are certainly some groups that have lower than average rates, and it is the balance between these two groups that determines the potential impact of the missing group on the overall rate. This balance will vary depending on the culture, factors related to non-response that may have no relationship to HIV status.
That brings us to the third question, how can participation of survey respondents be increased? One factor that would seem to be intuitively important is the testing modality. An analysis of non-response patterns in these three surveys, however, does not provide clear-cut evidence that the testing modality (capillary blood, whole blood, or oral fluids) influences response levels, and the relationship is not straightforward. In all three surveys, the percentage of eligible respondents who agreed to HIV testing is above 70%, and whereas Peru offered alternatives for HIV testing (blood or oral fluid), Zambia reported higher response rates. The results of other surveys would suggest, however, that less intrusive testing modalities are linked to lower non-response. For example, in a previous population-based survey in Zambia, using saliva, refusal rates were below 10% [28] . Refusal rates were also lower for a DHS survey in the Dominican Republic that used an oral device for HIV testing, with an overall response rate of 90% [29] . However, in another recent national population-based survey conducted in South Africa, the response rate for HIV testing was below 70% although they used oral fluid [30] . Therefore, for general population surveys, factors in the design and implementation of the survey to increase the response rate other than the type of sampling are important. That may differ from surveys among hard to reach populations where specimen collection may be more difficult [31] .
From the lessons learned in the surveys presented we can conclude that a carefully designed publicity campaign should be incorporated into the survey planning. This should include both mass media coverage and local government officials. Providing participants with information about the survey objectives and the testing procedures and with confidentiality protection will increase participation.
The selection and training of the field staff are key variables. In all four surveys cited in this paper, health personnel were recruited to collect the HIV samples.
Other surveys, however, have shown that lay personnel may be acceptable depending on the testing modality. Close supervision of the performance of survey teams is also important because field staff performance may be strongly related to non-response. The workload of the staff involved in HIV testing is also of importance. For example, the Kenyan field staff had a 50% greater workload than the Zambian field staff.
The results of the four surveys presented in this review show that it is feasible to undertake national representative HIV population-based surveys with response rates adequate to provide reliable and useful results. Appropriate consent processes with an adequate number of well-trained staff, publicity to inform the community, and careful multivariate analysis with linked datasets to describe better those who refuse and those who are absent will assist future surveys to minimize participation bias and inform programmes of prevalence and trends of HIV infection and risk behavior.
